Using original survey data on Japanese small businesses, this paper analyzes the impact of the organizational and contractual characteristics of cooperative R&D, such as membership structure, partner relationship, external support, and rules of cost and outcome sharing, on the probability of the technological and commercial success of the project. Empirical results suggest that cooperative R&D is more successful, the higher the quality and quantity of external resources available through cooperation, and the lower the transaction and coordination costs required for such arrangements. Moreover, we found that the determinants of technological and commercial success differ considerably.
Introduction
Cooperative R&D 1 has attracted considerable attention from both academics and practitioners. Important theoretical literature on this subject highlight the following advantages of cooperative R&D: better access to external business resources, achieving economies of scale and scope and synergy effects for R&D, reducing risk and wasteful duplication of R&D efforts, and increased incentive for R&D investment by the reduced appropriability problem (Katz, 1986; d'Aspremont and Jacquemin, 1988; Suzumura, 1992; Combs, 1993) . On the other hand, cooperative R&D is also argued to have the negative effects of welfare loss or reduced R&D efforts if it leads to collusion in R&D and the product market (Jorde and Teece, 1990 ).
Cooperative R&D is a useful way to overcome the lack of internal business resources and to improve innovativeness and competitiveness, particularly for small and medium enterprises (SMEs). In fact, as pointed out by Kleinknecht and Reijnen (1992, p. 347 (Table 1) . Compared to large firms, the ratio of SMEs with cooperative R&D is lower but is still too high to be neglected. It should be noted that, in absolute terms, more SMEs cooperate in R&D than large firms. Moreover, cooperative R&D is not concentrated in a small number of high-tech industries but is found in all manufacturing industries.
The aim of this paper is to analyze the impact of the organizational and contractual features of cooperative R&D on project performance by using original survey data of Japanese SMEs in the manufacturing sector. This paper contributes to the study of cooperative R&D in two major ways. First, few empirical studies have been conducted on 4 the impact of the organizational and contractual characteristics of cooperative R&D thus far 4 . Second, previous empirical researches have concentrated on research consortia among large firms and paid relatively slight attention to SMEs. In particular, econometric studies based on Japanese data have primarily focused on government-sponsored research consortia among large corporations (Miyata, 1995; Branstetter and Sakakibara, 1998; Branstetter and Sakakibara, 2002; Sakakibara, 2001a Sakakibara, , 2001b . This study is the first comprehensive empirical study on cooperative R&D projects of Japanese SMEs.
The remainder of this paper is organized as follows. The next section provides a review of previous empirical literature on the impact of cooperative R&D. Section 3 gives a detailed discussion of the data source and descriptive statistics of sample firms. Due to the lack of detailed information regarding the organizational and contractual features of cooperative R&D projects, especially pertaining to SMEs, it is worth describing the major findings of the survey. In Section 4, we present a basic model and some operational hypotheses for the empirical analysis. Section 5 shows and discusses the results of the analysis, and Section 6 consists of a summary of the main findings along with concluding remarks.
Impact of Cooperative R&D on Performance: A Review of Previous Empirical Literature
Major theoretical works on cooperative R&D predict various advantages of cooperation at least for participating firms. As a result, cooperative R&D would have a positive effect on participants' performance. A series of empirical studies have examined the impact of cooperative R&D on different measures of performance with different types of samples. Recently, this line of research has witnessed a remarkable increase.
Using Japanese data, Branstetter and Sakakibara (1998) provide evidence that due to increased knowledge spillovers, frequent participation in government-sponsored research consortia has a positive effect on research productivity in terms of patenting. Using micro data from official Japanese statistics, Okamuro (2004) and Okamuro (2005) demonstrate that cooperative R&D by Japanese SMEs has a positive and significant impact on profitability, productivity growth, and patenting. On the contrary, Vonortas (1997) reports that cooperative R&D in the USA has a negative impact on profitability. Link and Bauer (1989) demonstrate that cooperative R&D does not directly influence a firm's productivity growth but increases the productivity effect of internal R&D. Sakakibara and Branstetter (2003) obtained results that were similar to those of Branstetter and Sakakibara (1998) for the participants of government-sponsored research consortia in the USA. Becker and Dietz (2004) find that cooperative R&D in Germany increases both R&D input and output (number of new products).
While these studies primarily examined the impact of participation in cooperation, more recent studies explore the effects of different types of partners and other characteristics of the cooperative project.
Using data of large firms in the research consortia in Japan, Branstetter and Sakakibara (2002) analyze the impact of certain organizational characteristics of consortia (technological proximity and product market proximity of members, level of centralization, diversity of members, etc.). They conclude that the design of a consortium is more important than the level of R&D input in explaining technological performance.
Based on a sample comprising small manufacturers in the UK, Freel (2000) reveals that innovative firms are significantly more likely to have cooperated with their suppliers, customers, and universities. With regard to inter-industry personal networks of entrepreneurs in Japan, Fukugawa (2006) also reports that membership structure is of importance and cooperation with public research institutes has a positive impact on the technological success of innovation projects. On the other hand, using a dataset on French firms that received public finance for innovation, Bougrain and Haudeville (2002) show that cooperative R&D in itself does not increase the likelihood that innovation projects will succeed. In particular, they also show that cooperation with suppliers and public research institutes has negative effects.
Based on survey data of French manufacturing firms, Miotti and Sachwald (2003) analyze the impact of cooperative R&D with different partners on the performance of participating firms; they observed that patenting is positively influenced only by cooperation with public institutions, while the share of innovative products in sales is increased only by vertical cooperation (with customers and suppliers). Bizan (2003) examines the performance of government-supported international research alliances and shows that the probability of technical success of the project increases with the duration of the project, ownership relation, and complementary abilities between the partners. Given this, the commercialization time decreases with the project budget, revenue of the larger partner, and ownership relation between the partners.
Based on a recent European database on research partnerships, Caloghirou et al. (2003) reveal that perceived success significantly depends on the closeness of the cooperative research to the in-house R&D effort of the firm, the firm's effort to learn from the partnership and its partners, and the absence of problems related to knowledge appropriation between partners.
Using a large dataset of Dutch firms, Belderbos et al. (2004) analyze the impact of cooperative R&D on firm performance, differentiating the types of partners. They observe that cooperation with suppliers and competitors has a significant impact on labor productivity growth, while cooperation with universities and research institutes positively affects productivity in innovative sales.
To summarize the previous empirical literature on the impact of cooperative R&D on performance, it can be concluded that not enough empirical research has been done on this subject, especially for SMEs. Moreover, even previous studies focusing on the characteristics of cooperative projects and partners do not provide an in-depth analysis of these characteristics, specifically with regard to organizational and contractual patterns 5 . In this paper, we will more comprehensively investigate the organizational and contractual features of cooperative R&D by Japanese SMEs and analyze the impact of these features on project performance in more detail than has been done thus far. Among the 1,577 respondents, 478 firms (30%) cooperate with other firms in the past 3 years and 315 firms (20%) participate in cooperative R&D. Within the latter, 255 firms consider the cooperation in R&D to be more important than any other types of cooperation (production, sales, etc.) in which they are involved. The description and empirical analysis in this paper is based on the sample of these 255 firms.
Firms can be simultaneously involved in more than one project of cooperative R&D. Therefore, the respondents were asked to focus on the most important project in which they were involved in the past 3 years. Thus, each firm in the sample reports on one project and the characteristics of a firm and its project can be matched on a one-to-one basis.
3-2. Data Description and Findings
In this subsection, we provide a detailed description of the characteristics of the sample firms. The descriptive findings are summarized in Appendix 1 to facilitate understanding.
3-2-1. Size, Age, Industry, and R&D The average number of employees of the sample firms is 126. Compared to the total respondents (115 employees on average), the sample firms are significantly larger. On average, these firms are founded 56 years and incorporated 41 years before the survey was carried out. The firms in the electrical machinery (15%), metal products (12%), and miscellaneous manufacturing (13%) industries are relatively highly represented in our sample.
With regard to R&D activities, the sample firms are more R&D intensive and innovative than the average firms: 64% of the firms budget their R&D expenses every year, 58% employ full-time R&D personnel, 73% have an R&D department, 62% developed a new product and introduced it into the market in the previous year, and 52% applied for a patent or utility model (minor patent) in the previous year. These percentages are significantly higher than those of the total respondents. Moreover, 61% of the sample firms have experience with cooperative R&D before the current or the last project.
3-2-2. Partners
Regarding the membership structure, approximately half (52%) of the sample firms cooperate with one firm only. In two-thirds of the cases (67%), firms cooperate with other firms from different industries. Apart from this, 66% of the firms cooperate with their business partners (customers or suppliers), and 61% cooperate with large firms having 300 or more employees.
In addition, 44% of the firms cooperate in R&D projects with universities or public research institutes. The most popular content of cooperation is to obtain technical advice from these institutions (18%), followed by outsourcing research tasks such as data analyses and tests (12%), direct participation of the personnel of these institutions in the project (11%), and utilization of the research facilities and equipments of these institutions (3%).
3-2-3. Organizations
Cooperative R&D is most frequently implemented through formal contracts but without assistance by formal organizations such as cooperative associations and joint ventures (61%). 26% of the respondents cooperate in R&D without formal organizations and contracts. Using new or existing associations (10%) or joint ventures (3%) is much less popular. These findings imply that cooperative R&D by SMEs is implemented primarily through informal organizations.
3-2-4. Rules of Sharing Costs and Outcomes
Typically, the costs for cooperative R&D are shared according to the assigned task (46%) 8 . This means that each member firm carries out its assignment and bears the corresponding costs. The other principles of sharing costs (equality, 19%; financial ability, 10%; R&D capability and input, 18%; expected shares of outcomes, 7%) are much less popular. A quarter of the firms (26%) obtain public subsidies for the cooperative R&D.
At the end of the cooperative R&D project, 49% of the firms complete the development of new products or processes, 38% apply for patents or utility models based on the project outcomes, and 43% consider the project outcomes to have contributed to an increase in sales. As a whole, most of the firms (86%) obtain some outcome from the cooperative R&D. However, only 17% of the firms apply for patents or utility models and achieve sales growth as a result of the cooperative R&D.
For one-third of the firms (34%), the direct outcome, such as the profit obtained from the developed products and the patent right, is shared among the participants according to technological contribution. For another one-third (31%), commercialization and patenting are left to the members, without ex ante agreements. Outcome sharing equally (22%) and according to financial contribution (13%) are observed less frequently 9 .
Among a number of different combinations of the patterns of sharing costs and outcomes, the most frequent one is sharing costs according to assigned task and outcomes according to technological contribution, respectively (29 cases). Balanced contractual patterns (sharing costs and outcomes equally, according to financial capacity and contribution, and according to technological capability and contribution) are relatively less frequent (12, 2, and 11 cases, respectively). In this paper, we analyze the determinants of successful cooperation in R&D using the survey data described in the previous section. The basic model for the empirical analysis is given as follows:
Probability of Success = f (Firm Characteristics, Industry Characteristics, Project Characteristics)
Project success measures are critical to this model, and are explained in the next subsection. Special attention is paid to project characteristics including organizational structure and contractual features. The basic hypothesis to be examined is that the probability of the success of cooperative R&D depends on certain project characteristics, controlling for firm and industry characteristics. In this model, firm characteristics are represented by firm size, internal R&D activity, and past experiences with cooperative R&D.
Industry characteristics include the different levels of technological opportunity, and are controlled for using industry dummies 10 . Project characteristics used in the model are explained in the subsection on independent variables.
As mentioned above, SMEs can utilize external resources by cooperating with other organizations. In this way, they can enjoy economies of scale and scope and obtain synergy effects. They can also reduce the risk of innovation by sharing costs among the members and mitigating uncertainty through the acquisition of better information (Hagedoorn et al., 2000) . However, cooperation also induces transaction costs and incentive problems among member firms (Weaver and Dickson, 1998; Becker and Dietz, 2004; Nakamura and Odagiri, 2005) . Therefore, for cooperative R&D projects to succeed, it is important to design the organizational and contractual structure such that SMEs can take full advantage of the cooperation on the one hand and reduce transaction and coordination costs on the other hand, by enhancing incentives, increasing the commitment of participants, and preventing free-riding 11 .
4-2. Measures of Project Success
Dummy variables are used as dependent variables for the "technological success" and "commercial success" of the project 12 . The former (TESUCCESS) takes on the value one if the firm applies the outcomes of cooperative R&D for patents or utility models and zero otherwise. The latter (COSUCCESS) takes on the value one if the firm considers the outcomes of cooperative R&D to have contributed to sales growth and zero otherwise.
Patent grants are a more suitable criterion than patent applications to measure the technological success, as the latter may include outcomes with little value. Despite this problem, we use patent applications as the measure of TESUCCESS due to the time lag between the application and grant of the patent, which is currently more than two years on average in Japan 13 . Since our questionnaire inquires about the outcomes of cooperative projects carried out in the past 3 years, using patent grants as the measure of TESUCCESS would lead to a considerable underestimation due to truncation effects.
Another problem with TESUCCESS is that a patent is not applied to every technological outcome, even though the outcome may be patentable and worth patenting.
Firms may prefer hiding the outcome to patenting it because of the appropriation problem.
Therefore, TESUCCESS may be underestimated. However, since the propensity for patent application differs significantly across industries, this problem can be mitigated by controlling for industry characteristics using industry dummy variables (Arundel and Kabla, 1998) .
The commercial success of the cooperative project is measured by the contribution of cooperative R&D to sales growth, estimated by the participants. Therefore, this measurement depends on the subjective estimation of the participant. Despite this problem, we define and measure COSUCCESS in this manner because the objective data of sales growth are subject to numerous factors other than the outcome of the cooperative project; thus, we cannot distinguish the impact of cooperative R&D from the impact of the other factors. 12 The reason for using different measures of success is to evaluate the project performance from different perspectives, thus taking into consideration the diversity of the aims of cooperative R&D. Fukugawa (2006) also uses these two success variables. Bizan (2003) uses technological success and, given this, time to commercialization as measures of project success. 13 In the Japanese patent system, the Patent Office examines only those applications that are requested for examination. The current average time lag between this request for examination and the grant of the patent is approximately two years.
Similar to TESUCCESS, the concept of COSUCCESS is related to both product and process innovation. In other words, COSUCCESS includes both obtaining additional sales of new products and increasing the sales of existing products through reduced cost and price. Moreover, COSUCCESS does not necessarily depend on whether the project brought positive profits.
It should be noted that we do not define and regard TESUCCESS as a condition for COSUCCESS. This means that a cooperative R&D can be commercially successful without technological success, and vice versa. That is, participants of a cooperative R&D project can introduce a new product into the market, which is an outcome of the cooperative R&D, and thereby increase their sales without applying for a patent for the new technology. In this sense, in this paper, the concepts of technological and commercial success as well as the relationship between them are different from those in previous studies (Bizan, 2003; Fukugawa, 2006) .
As explained in Section 3, 38% and 43% of the sample firms achieved technological and commercial success, respectively. Interestingly, the firms that achieved both accounted for only 17%; in other words, the majority of the technologically successful firms did not achieve commercial success, and the majority of the commercially successful firms did not achieve technological success. This implies that different factors can be associated with different measures of success. Thus, in the empirical analysis described in the next section, we will compare the results of the models of TESUCCESS and COSUCCESS in order to examine the differences in the determinant factors.
The determinants of successful cooperation are analyzed using probit models, regressing the probability of success on some variables of project characteristics, controlling for firm and industry characteristics. The definitions of the variables and the basic statistics of the sample are shown in Tables 2 and 3 , respectively. In the following subsection, we explain the independent variables and present several hypotheses for examination, along with the expected signs of the coefficients of the related variables. . Further, we assume that UNIV is related to TESUCCESS, while BUSPART is related to COSUCCESS.
See Table 2 for a more detailed explanation of these variables.
However, coordination costs will increase with the number and heterogeneity of the member firms. Coordinating a project efficiently would be difficult when many firms of different types are involved. In this regard, COOPSIZE and DIFFIND should be negatively related to the project success 16 . Depending on both the availability of external resources and the coordination costs, the signs of coefficients for COOPSIZE and DIFFIND could be positive or negative 17 .
Based on these arguments, we derive the following hypotheses. The variables that correspond to each hypothesis and the expected signs of the coefficients of these variables are placed in parentheses.
14 It is noteworthy that UNIV includes not only direct participation of their personnel in the project but also other types of technical supports. 15 Becker and Dietz (2004) examine the positive impact of the number of partners on innovative behavior. Branstetter and Sakakibara (2002) show that the diversity of members increases research productivity. Miotti and Sachwald (2003) compare the relative efficiency of cooperative R&D with different partners (suppliers, customers, rivals, academic institutions, and foreign firms). According to Bougrain and Haudeville (2002) , cooperation with public research institutes has an unexpected negative effect on project success. 16 Another reason for the negative effect of COOPSIZE is that free-riding is more likely to occur with a larger number of participants. 17 Sakakibara (2001b) argues that single-industry cooperation can increase R&D efficiency through economies of scale and the avoidance of wasteful duplication, while multi-industry cooperation provides its members easier access to necessary complementary resources.
Hypothesis 1a:
The larger the number of participants, the more successful is the cooperative R&D (COOPSIZE +).
Hypothesis 1b: The smaller the number of participants, the more successful is the cooperative R&D (COOPSIZE -). 
4-3-2. Public Subsidies
Public subsidies for cooperative projects (SUBSIDY) may also play an important role in determining the success of a project. With public subsidies, firms obtain additional financial resources that may increase the probability of project success. However, public subsidies may also have negative effects if they induce moral hazard problems. Namely, firms receiving public subsidies may reduce their own R&D expenses and efforts or select risky projects with a low possibility of success that they would otherwise not attempt without subsidies. Thus, the impact of public subsidies on the success of cooperative R&D may be positive or negative.
Hypothesis 6a: Cooperative R&D is more successful if the project obtains a public subsidy (SUBSIDY +).
Hypothesis 6b: Cooperative R&D is less successful if the project obtains a public subsidy (SUBSIDY -).
4-3-3. Trust and Opportunism
Trust among member firms can reduce the risk of opportunistic behavior of those firms and thereby prevent conflicts, inducing higher levels of commitment to the project (Kale et al., 2000) . Trust among participants is supposed to be high, and correspondingly low the risk of partner opportunism if the firms have experience of past cooperation (with the same members) (EXPER) and if they are familiar with each other beforehand (CONTACT) (Deeds and Hill, 1999; Bizan, 2003; Soh, 2003; Mora-Valentin et al., 2004) . Thus, the coefficients of EXPER and CONTACT are expected to have positive signs 18 .
Hypothesis 7: The more experience the participants have in cooperative R&D, the more successful is the project (EXPER +).
Hypothesis 8: The more familiar the participants are with each other beforehand, the more successful is the project (CONTACT +).
4-3-4. Formal and Informal Organizations
The coordination cost is further influenced by the organizational structure of the project. Formal organizations, such as cooperative associations (Kyodo Kumiai) and equity joint ventures for cooperative R&D, can prevent opportunistic behavior of member firms, thus saving transaction and coordination costs 19 ; however, formal organizations may also 18 There are other reasons for the positive effect of past experiences. Even if the participants in the current project are mostly different from those in past projects, the experienced firm can manage the project efficiently by learning from the past projects, as long as the subject of the current research is related to the subject of the past projects. 19 Mora-Valentin et al. (2004) argue that a high level of institutionalization of cooperative agreements is a factor contributing to success, which is in line with our argument.
have negative effects as a result of lack of flexibility. Therefore, compared to informal organizations, formal organizations may lead to either better or worse performance. In this case, regarding informal organizations as the baseline reference, the coefficient of the variable of formal organizations (FORMAL) is expected to have either a positive or negative sign. In this paper, we consider cooperative associations and equity joint ventures as formal organizations, while informal organizations are defined as any organizations other than cooperative associations and equity joint ventures, both with and without written contracts.
Hypothesis 9a: Formal organizations are more favorable for project success than informal organizations (FORMAL +).
Hypothesis 9b: Formal organizations are less favorable for project success than informal organizations (FORMAL -).
4-3-5. Arrangements for Sharing Costs and Outcomes
Contractual agreements pertaining to the project, specifically the pattern of sharing costs and outcomes, may affect the incentives of the member firms, thus affecting the performance of the project 20 . In this regard, equal sharing of costs or outcomes does not seem to be optimal, given that the capability and contribution of each member is different.
In this situation, equal sharing of costs per head would in fact be unfair and some parties would be discontent, and equal sharing of outcomes would encourage free-riding of the members.
However, what is more essential than the pattern of sharing costs and outcomes itself is the combination of these patterns. If the financial or technological capabilities of the members differ, it will be more efficient to assign a larger amount of tasks to a more 20 Since the sample includes informal cooperative projects without written contracts, contractual agreements for sharing costs and outcomes include implicit ones. Moreover, it is not clear from the questionnaire survey if the rule of sharing project outcomes is agreed upon at the beginning of the project. Here, we make a rather strong assumption that the members had at least an implicit agreement on this rule at the beginning. capable member, and thus a larger share of the costs, and also entitle him to obtain a larger share of the outcomes. Otherwise, incentive problems would occur. Similarly, it would be unfair to give members an equal share of or free access to the outcomes regardless of their different contributions. Therefore, certain balanced combinations of sharing costs and outcomes, such as equal sharing of costs and outcomes (RULE1) or the combination of sharing costs and outcomes according to technological capability and technological contribution, respectively (RULE2), are expected to be more efficient than the other, less balanced combinations, which are together regarded as the baseline reference 21 .
Hypothesis 10: Cooperative R&D is more successful if the costs and the outcomes of the project are shared equally (RULE1 +), or according to technological capability and technological contribution (RULE2 +), compared to the other, less balanced patterns.
4-3-6. Control Variables
The above variables of project characteristics should be controlled for by firm and industry characteristics. As mentioned in Section 4.1, we control for inter-industry differences in the propensity of project success by using industry dummies 22 . Firm characteristics are represented by R&D capability (RDINPUT) and past experiences in cooperative R&D (EXPER). The latter is discussed with regard to Hypothesis 7 as part of the project characteristics; thus, we do not regard it as a control variable.
From the perspective of the internal resources of the firm, the higher the R&D capability of the members, the more successful is the cooperative R&D. The variable RDINPUT is calculated here as the sum of the following three dummy variables: (1) 21 The combination of sharing costs and outcomes according to financial capacity and financial contribution, respectively, is also a fair and effective pattern. However, this combination is not considered in the following regression analysis because of its scarcity. 22 Considering "miscellaneous products" as the baseline reference, we use 14 industry dummies, which roughly correspond to 2-digit SIC industries (food and beverages, textile and clothing, wood products and furniture, pulp and paper products, printing and publishing, chemical and pharmaceutical products, plastics and rubber products, ceramic products, steel and nonferrous metals, metal products, general machinery, electrical machinery, transportation equipments, and precision instruments).
budgeting R&D expenses every year = 1, (2) employing full-time R&D personnel = 1, (3) the existence of an R&D department = 1, and zero otherwise, respectively. Thus, this variable takes on values from 0 to 3. The firms with a high value of RDINPUT are characterized not only by their high innovative capability, but also by their distinct absorptive capacity of external technology and know-how (Cohen and Levinthal, 1989 ), which in turn improves the project efficiency 23 .
We used two further variables of project characteristics in the models to control for the estimated weight of the cooperation project in the entire business activity of the firm (WEIGHT) and the level of R&D at the beginning of the cooperative project (ZEROSTART). The variable WEIGHT is measured as the score on a 5-point-scale, where the highest score (5) indicates the highest weight. ZEROSTART is a dummy variable that takes on the value one if the cooperative R&D started from the very beginning, identifying the subject of R&D, and zero otherwise. We thus distinguish this type from projects already started by at least a part of the participants. WEIGHT and ZEROSTART are expected to have a positive and negative impact on project success, respectively. A higher weight of the project implies a higher level of commitment of the firm toward the project, and the project is more likely to be successful if the related R&D has partly been carried out by member firms before the commencement of the project. Table 4 24 There are at least two yet unmentioned reasons for the positive effect of LARGE. First, large firms tend to be more familiar with the patenting procedure and patent management than SMEs. Second, large firms are not interested in low-tech cooperation; they select technologically promising projects and firms. If this is the case, then R&D cooperation with large firms tends to have a good chance of achieving technological success right from the beginning.
Empirical Results and Discussion

5-1. Determinants of Technological Success
With regard to industry characteristics, which are not shown in the table, the dummies for the textile and clothing industry and chemical industry (including the pharmaceutical industry) have negative and significant effects on TESUCCESS. It is interesting to observe that the probability of TESUCCESS of cooperative R&D is significantly lower in the chemical industry, which is characterized by a high R&D intensity and a high frequency of cooperative R&D (see Table 1 In Models 1 to 4, RDINPUT, COOPSIZE, BUSPART, EXPER, and WEIGHT have positive and significant effects, while UNIV, SUBSIDY, and ZEROSTART have negative and significant effects. DIFFIND, LARGE, and CONTACT do not have a significant impact on COSUCCESS. These results suggest that (1) intensive R&D, (2) cooperation with many firms, (3) cooperation with business partners, (4) no cooperation with universities and 25 The reason for this result is unclear. Our sample comprises 22 firms in the chemical industry but we have no further information about their product programs. This unexpected result for the chemical industry may be attributed to an insufficient number of firms in this industry or to the heterogeneity within this industry, which includes even relatively low-tech industries such as inorganic chemistry and fertilizer industries. 26 Cf. Appendix 2 for the coefficient of correlation between the dependent and independent variables, which largely corresponds to the signs and significance of the estimated coefficients. public research institutes, (5) no public subsidy, (6) past experience in cooperative R&D, (7) the relative weight of the cooperative project, and (8) The results of Models 5 and 6 suggest that neither organizational formality nor the rules of sharing costs and outcomes have a significant impact on COSUCCESS. Only the coefficient of FORMAL is negative and weakly significant in Model 6; however, it turns insignificant in Model 5, indicating that this result is not robust. In sum, the results on COSUCCESS support Hypotheses 1a, 3, 6b, and 7.
From among the industry dummies, which are not shown in Table 5 , the textile and clothing industry and steel and nonferrous metal industry have positive and significant effects on the COSUCCESS.
Contrary to the hypothesis, the effect of UNIV is significantly negative. This unexpected result, which is similar to that by Hall et al. (2000) and Bougrain and Haudeville (2002) , can be interpreted in different ways. Projects in need of technical support from university personnel may be at early stages and thus still far from commercialization. Further, firms are more likely to cooperate with universities in basic research projects that do not aim at commercialization. Hall et al. (2000) argue that universities tend to be involved in more difficult projects, namely those with a lower probability of early completion. However, an empirical analysis on the factors of cooperation with universities and public research institutes is beyond the scope of this paper and moreover is not feasible due to limited information from our questionnaire 27 .
The estimation results for different models are robust. The signs and significance of the estimated coefficients of the independent variables do not change substantially even after excluding industry dummies or changing the combination of the variables. These results of the robustness check imply that the estimation results are subject to the limitation of neither the degree of freedom nor the multicollinearity among several variables.
Hypotheses 1a, 2a, 3, 4, 6b, 7, 8, and 10 are supported by combining the results on (UNIV) and 9 (FORMAL) are empirically supported. Moreover, these results demonstrate that the determinants of TESUCCESS and COSUCCESS are considerably different, as summarized in Table 6 . The determinants of TESUCCESS are RDINPUT, DIFFIND, LARGE, CONTACT, RULE2, and WEIGHT, while those of COSUCCESS are RDINPUT, COOPSIZE, BUSPART, UNIV (negative), SUBSIDY (negative), EXPER, WEIGHT, and ZEROSTART (negative). Thus, apart from the control variables RDINPUT and WEIGHT, the determinants of the dependent variables are different, though the results as a whole support our hypotheses.
These findings are consistent with the fact that the firms that achieved both technological and commercial success are in a minority (17%), and the probabilities of the two are statistically independent.
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As suggested by Belderbos et al. (2004) , the choice of cooperation partners is combined with particular measures of firm performance, and thus particular aims of cooperation. We argue that the optimal pattern of cooperative R&D depends on how project performance is measured, and therefore, the aim of the project members.
Concluding Remarks
In this paper, we investigated the organizational and contractual features of cooperative R&D of Japanese SMEs based on original survey data and analyzed the determinants of successful cooperation. We used two measures of success: TESUCCESS (project outcomes were applied for patents or utility models) and COSUCCESS (project outcomes contributed to sales growth). Particular attention was paid to the role of membership structure and supporting partners, degree of organizational formality, as well as the rules of sharing costs and outcomes. A number of studies have investigated cooperative R&D; however, neither the organizational structure of cooperation nor the effects of these features on project performance have been investigated and analyzed in detail. Moreover, this is the first econometric analysis pertaining to Japanese SMEs.
The basic idea of this research is that the organizational and contractual features of the cooperative project affect the success of the project. The results of the regression analyses generally support this. It should be noted that the probability of commercial success of the project is positively influenced by cooperation with business partners but negatively influenced by cooperation with universities and public research institutes. The results also provide evidence that the technological success of cooperative R&D depends on the combination of the rules of cost and outcome sharing. Specifically, the project is more likely to be successful when the costs and outcomes are shared according to technological capability and contribution, respectively. Moreover, we found that, as a whole, the determinants of technological and commercial success of cooperative R&D are almost entirely different. Note that, however, this research focuses on SMEs, and therefore the results cannot be directly applied to large firms.
Our empirical results suggest as a whole that cooperative R&D projects should be designed to provide the participants with optimum access to complementary external resources on the one hand and to reduce transaction and coordination costs on the other hand, by inducing higher incentive and commitment of the participants and preventing freeriding.
To sum up the most important results, we would emphasize that whether or not cooperative R&D is successful depends on the structure and contents of the cooperation.
The optimal design of cooperative projects depends on the goals of cooperation (Belderbos et al., 2004) :Cooperation with large firms and familiar firms in other industries is more likely to contribute to technological success, while cooperation with many firms and business partners without public subsidy is favorable for commercial success.
Firms can select an optimal pattern for the cooperative project based on their aims (patents, new products or process, etc.) and conditions (internal resources, technological characteristics of the industry, etc.). In this analysis, the organizational and contractual characteristics are regarded as exogenous but they can also be determined endogenously.
However, this issue exceeds the scope of this paper and is left for further research 29 .
In conclusion, some factors that are not covered in this research should be mentioned as areas for future research. First, the characteristics of the technological field of cooperative R&D may affect both the organization and performance of the project. Such characteristics were not explicitly considered in our questionnaire, though they have been party controlled for with industry dummies. Future research should focus on a specific industry or technology 30 . Second, and related to the first point, the technological proximity of cooperating partners may also play an important role in determining project success (Branstetter and Sakakibara, 1998; Sakakibara and Branstetter, 2003) . Third, project success may also depend on the closeness of the subject of cooperative R&D to in-house R&D (Caloghirou et al., 2003) . Fourth, the geographical proximity of the participants may also be an important factor in project success (Mora-Valentin et al., 2004) . Finally, aims, membership, and the organizational and contractual structure of the cooperative project may change over time. In our research, we implicitly assumed that the project characteristics--particularly the organizational and contractual structure--are determined at the beginning of the project and remain unchanged over time. To address this issue, the dynamic process of cooperation should be considered explicitly (Cf. Reuer et al,, 2002; Dvir and Lechler, 2004) .
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SUBSIDY
The project received public subsidy = 1, otherwise 0.
EXPER
The respondent has past experience of cooperative R&D = 1, otherwise 0.
CONTACT The respondent was familiar with other members beforehand = 1, otherwise 0.
FORMAL
The project was organized as a cooperative association or joint venture = 1, otherwise 0.
RULE1
Costs and outcomes of the project were shared equally = 1, otherwise 0.
RULE2
Costs and outcomes of the project were shared according to technological ability and contribution of the members = 1, otherwise 0.
WEIGHT Relative weight of the project in the entire business activity of the respondents (5-point Likert scale; 5 indicates the highest weight).
ZEROSTART The project started with looking for a research subject = 1, otherwise 0.
1) Sum of the values of the following 3 dummy variables: Budgeting R&D expenses every year = 1; Employing full-time R&D personnel = 1; Existence of R&D department = 1 (otherwise 0) 2) Score 1: 2 firms; Score 2: 3--5 firms; Score 3: 6--10 firms; Score 4: 11 or more firms 3) Including direct participation of the personnel of universities etc., consulting with the personnel of universities etc., outsourcing of research task to universities etc., and utilizing research facilities and equipments of universities etc. 
Note: "+" or "-" in the columns suggest that the coefficients of the variables have positive or negative significant signs.
(sample size = 255 firms)
1. Basic Firm Characteristics average number of employees 126 average firm age (years since foundation) 56 R&D activity 1) budgets R&D expenditure every year 64% 2) employs full-time R&D personnel 58% 3) has an R&D department 73% 4) introduced a new product into the market last year 62% 5) applied for a patent last year 52% experience of cooperative R&D before the last project 61%
2. Partners cooperation with one firm only (cooperation between two firms) 52% cooperation with firms in different industries 67% cooperation with large firms (with more than 300 employees) 61% cooperation with business partners (customers and/or suppliers) 66% cooperation with universities and public research institutes 44% 1) direct participation of the personnel 11% 2) utilization of research facilities and equipments 3% 3) outsourcing research tasks 12% 4) technical consultation 18%
3. Project Organization 1) formal organization (cooperative association or joint venture) 13% 2) informal organization with contract 61% 3) informal organization without contract 26%
Rules
Cost sharing 1) equal sharing 19% 2) according to financial ability 10% 3) according to research capability 18% 4) according to assigned tasks 46% 5) according to expected shares of outcomes 7% public subsidies received 26% Project outcomes 1) new product or process developed 49% 2) outcomes were applied for patent or utility model 38% 3) outcomes contributed to sales growth 43% Outcome sharing 1) equal sharing 22% 2) according to financial contribution 13% 3) according to technological contribution 34% 4) no agreements; free access and utilization 31% Source: Original survey data 
